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signal or to Ca2+ itself. [Na+]i, [Ca2+]i and [ATP]i dynamics in intact
neurons exposed to different workloads in the absence and presence of
Ca2+clearly showed that Ca2+-stimulation of coupled respiration is
required to maintain [ATP]i levels. Ca2+ may regulate respiration by
activating metabolite transport in mitochondria from outer face of the
inner mitochondrial membrane, or after Ca2+ entry in mitochondria
through the calcium uniporter (MCU). Two Ca2+-regulated mitochon-
drial metabolite transporters are expressed in neurons, the aspartate–
glutamate exchanger Aralar/AGC1/Slc25a12, a component of the
malate–aspartate shuttle, and the ATP-Mg/Pi exchanger SCaMC-3/
Slc25a23, with S0.5 for Ca2+ of 300 nM and 3.4 μM, respectively. The
lack of SCaMC-3 results in a smaller Ca2+-dependent stimulation of
respiration only at high workloads, as caused by veratridine,
whereas the lack of ARALAR reduced by 46% basal OCR in intact
neurons using glucose as energy source and the Ca2+-dependent
responses to all workloads (veratridine, K+-depolarization, carba-
chol). The lack of ARALAR caused a reduction of about 65–70% in the
response to the high workload imposed by veratridine, and
completely suppressed the OCR responses to moderate (K+-
depolarization) and small (carbachol) workloads, effects reverted
by pyruvate supply. For K+-depolarization, this occurred in spite of
the presence of large [Ca2+]mit signals and increased reduction of
mitochondrial NAD(P)H. These results show that ARALAR-MAS is a
major contributor of Ca2+-stimulated respiration in neurons by
providing increased pyruvate supply to mitochondria. In its absence
and under moderate workloads, matrix Ca2+ is unable to stimulate
pyruvate metabolism and entry inmitochondria suggesting a limited
role of MCU in these conditions.
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Mitochondrial metabolism is intimately connected to the univer-
sal coenzyme NAD. In addition to its role in energy transduction,
NAD serves as a substrate in regulatory reactions that lead to its
degradation. These reactions include generation of second messen-
gers as well as posttranslational protein modiﬁcations such as ADP-
ribosylation and sirtuin-mediated protein deacetylation and occur
most prominently in the nucleus and mitochondria. In the nucleus,
ADP-ribosylation and NAD-dependent deacetylation regulate fun-
damental processes including gene expression, DNA repair and
maintenance of chromatin structure. In mitochondria, NAD-depen-
dent signaling events have a profound impact on metabolic
regulation. Many targets of mitochondrial NAD-dependent protein
deacetylation and mono-ADP-ribosylation have been identiﬁed and
important physiological consequences of the modiﬁcations have
been revealed.
Given the degradation of NAD in these reactions, maintenance of
the mitochondrial NAD pool has emerged as a key factor in the
regulation of mitochondrial metabolism. Therefore, identifying the
mechanisms of mitochondrial NAD generation in mammalian cells
has been a major research focus over the last years. We have
developed a variety of experimental tools that enable modulation of
subcellular NAD contents and detection of changes in different
compartments of cultured human cells. Using these tools, we have
studied the NAD biosynthetic pathways in human cells. Our analyses
suggest that the majority of the reactions takes place in the cytosol
and nucleus. However, one isoform of the enzymes catalyzing the
ﬁnal step of NAD synthesis is present in the mitochondrial matrix. It
requires the mononucleotide NMN, which needs to be imported
from the cytosol. Therefore, mitochondria in human cells can
establish and maintain an autonomous NAD pool. Interestingly,
changes of the NAD contents are reﬂected in the protein acetylation
state. That is, alterations of NAD pools do not only affect bioenergetic
processes, but also sirtuin-dependent protein deacetylation and thereby
critical regulatory events.
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The activity of melatonin inﬂuences almost all body cells and,
as recently recognized, with bioenergetic consequences. Our work
indicated that in HaCaT cells, melatonin administrated at physiolog-
ical concentration (HaCmel+), modulates energy production fol-
lowing a pathway involving Nitric Oxide (NO). As a signalling
molecule, NO presents a wide spectrum of targets, differently
inﬂuenced depending on the NOS isoform implicated, and on the
amount/localisation of NO produced. Our data show that in
HaCmel+ cells an increase of nNOS expression occurs, leading to
accumulation of nitrite and nitrate and consistently oxygen con-
sumption is slightly depressed. Mitochondrial complex IV is in fact
reversibly inhibited by NO, whose increase induced by melatonin
appears compatible with a “mild” OXPHOS depression, character-
istic of the physiological variation of energy demand related to
circadian rhythms [1, 2]. The issue of cell energy metabolism has
been also readdressed to the 7PA2 cell line, a model of the
Alzheimer's disease (AD). The biochemical characterisation of
7PA2 cells, expressing the mutated human APP protein, showed a
marked decrease of mitochondrial function, evaluated by measur-
ing oxygen consumption, mitochondrial membrane potential and
ATP production. The observed nitrite/nitrate accumulation points
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to the involvement of NO also in this pathological state, in
agreement with the high activity of iNOS found in neurons
affected by AD [3]. Interestingly, as a common denominator, in
both HaCmel+ and 7PA2 cells lactate levels increased with respect
to controls, being this effect higher in the AD cells. The Warburg
effect was evaluated in the presence of OXPHOS inhibitors showing
that cells are able to compensate OXPHOS failure by a glycolitic
burst; in the 7PA2 cells, however, the glycolytic increment appears
insufﬁcient to compensate for the energy failure as indicated by
the overall ATP deﬁcit.
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Programmed cell death (PCD) is a fundamental event for the
development of multicellular organisms. In mammalian cells,
early events in PCD involve the release of cytochrome c (Cc)
from mitochondria to the cytoplasm to act at the ﬁrst stages of
the apoptotic process, playing a key role in assembling the
apoptosome. In plants, PCD is part of a general process named
hypersensitive response, where Cc is also released into the cytosol
but its role in PCD remains veiled. Such highly conserved
cytoplasmic location of Cc upon apoptotic stimuli lead to think
of a common link for PCD in evolutionarily distant species, like
humans and plants. To better understand the role of Cc in the
onset of PCD in both humans and plants, a proteomic approach
based on afﬁnity chromatography with Cc as bait was used. Upon
combining this approach and Bimolecular Fluorescence Comple-
mentation (BIFC), a total of 8 humans and 9 plants new proteins
interacting with Cc under PCD were found [1,2]. These new PCD
Cc-partners are involved in protein folding, translational regula-
tion, oxidative stress, DNA damage, energetic and mRNA metab-
olism. Strikingly, some of the novel human Cc-targets are closely
related to those for plant Cc, indicating that the evolutionarily
well-conserved cytosolic Cc – appearing in organism from plant to
mammals – interact with a wide range of targets on PCD.
Modeling of the complexes between human and plant Cc with
its counterparts shows how the heme crevice of Cc takes part of
the complex interface in agreement with the vast majority of
known redox adducts of Cc. However, in contrast to the high
turnover rate of the mitochondrial Cc redox adducts, those
occurring under PCD lead to the formation of rather stable
nucleo-cytoplasmic ensembles, as inferred from Surface Plasmon
Resonance (SPR) and Nuclear Magnetic Resonance (NMR) mea-
surements. On the basis of these ﬁndings, we suggest that human
and plant Cc interacts with pro-survival, anti-apoptotic proteins
after its release into the cytoplasm. Then, Cc may interfere with
cell survival pathways and unlock PCD in order to prevent the
spatial and temporal co-existence of antagonist signals. This work
has been sponsored by the Spanish Ministry of Economy and
Competitiveness (BFU2012-31670) and the Regional Government
of Andalusia (BIO198).
References
[1] Martínez-Fábregas et al. (2013) Mol. Cell. Proteomics, 12, 3666-
3676.
[2] Martínez-Fábregas et al. Mol. Cell. Proteomics, http://dx.doi.org/
10.1074/mcp.M113.034322.
doi:10.1016/j.bbabio.2014.05.007
S7.P1
The organization of the TOB/SAM complex of the slime
mold Dictyostelium discoideum at the vegetative stage of its
life cycle
Monika Antoniewicza, Olgierd Stobieniaa, Małgorzata Słocińskab,
Dorota Raczyńskac, Hanna Kmitaa, Małgorzata Wojtkowskaa
aLaboratory of Bioenergetics, Institute of Molecular Biology and
Biotechnology, Faculty of Biology, Adam Mickiewicz University,
Poland
bDepartment of Animal Physiology and Development, Institute of
Experimental Biology, Faculty of Biology, Poland
cLaboratory of Gene Expression, Institute of Molecular Biology and
Biotechnology, Faculty of Biology, Poland
E-mail address: monika.a@amu.edu.pl
The TOB/SAM complex localized in the mitochondrial outer
membrane assembles mitochondrial β-barrel proteins into the
membrane. The group of β-barrel proteins includes crucial
mitochondrial proteins for example Tom40 (forming channel
within the TOM complex that is regarded as the gate into
mitochondria for imported proteins) and VDAC (of fundamental
signiﬁcance for metabolite transport across the outer membrane
of mitochondria). TOB/SAM complex is essential for the proper
function of mitochondria and consequently for cell functioning.
Interestingly, there are differences in the TOB/SAM complex
subunit organization as have been shown for representatives of
different phylogenetic lineages. The slime mold Dictyostelium
discoideum is recognized as being of particular value as a research
model for developmental biology and medicine. Importantly, life
cycle of D. discoideum offers an unparalleled variety of phenotypes
to study as different unicellular and multicellular stages and
multiple cell types occur within the life cycle of the organism.
Here we present our results concerning the TOB/SAM complex of
unicellular form of D. discoideum (myxamoebae). The results of BN
(blue native gel) and 2D SDS-PAGE suggest that molecular mass of the
complex is about 250–350 kDa and the complex may be present in
two forms. Experiments performed by black lipid membrane (BLM)
technique indicate that the complex displays channel activity.
Proteomic screening of D. discoideum mitochondrial outer membrane
proteins by nanospray liquid chromatography tandem mass spec-
trometry (LC–MS/MS) allowed us identiﬁcation of Tob55/Sam50
protein. The protein is an essential subunit of the complex of different
organisms and belongs to β-barrel proteins able to form channels.
Interestingly, using antibody against the protein N-terminus we
observed its two forms in mitochondria. Accordingly, PCR products
labeled with a ﬂuorescent probe indicate the presence of two forms of
the encoding gene. Results of bioinformatics analysis allowed us for
identiﬁcation of a putative second subunit of the complex that reveals
sequence similarity with human metaxin. Further studies of the TOB/
SAM complex subunit organization in cell representing different stages
of D. discoideum life cycle are important to get the data concerning the
involvement of the complex in processes decisive for a cell functional
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